Summary. In the Natal clinging bat, Miniopterus schreibersii natalensis, implantation is centric and superficial in the right uterine horn. The blastocyst implants during the bilaminar stage with the inner cell mass orientated antimesometrially. During the preimplantation period the blastocyst becomes completely enclosed by uterine mucosae with the trophoblast in close contact with the surrounding uterine epithelium. Just before implantation the trophoblast becomes bilaminar over the greater part of the embryonic hemisphere of the blastocyst. The uterine epithelium is very persistent and parts were still present mesometrially although penetration of the uterine endometrium had already occurred on the antimesometrial side.
Introduction
In mammals considerable variation occurs in the interval between fertilization and the conceptus entering the uterus, and the interval between this event and implantation (for review, see Wimsatt, 1975) . In some mammals, however, in which delayed implantation occurs, the period between conception and implantation is extended (Daniel, 1970; Wimsatt, 1975) . This phenomenon is also found in bats although not so commonly (Flemming, 1971) and occurs mainly in the hibernating members of the genus Miniopterus (Wimsatt, 1969 (Wimsatt, , 1975 . In the Natal clinging bat (M. schreibersii natalensis) there is a delay of 4 months from the time of conception until the blastocyst eventually implants (van der Merwe, 1979 Merwe, , 1980 . Implantation begins after loss of the zona pellucida when the conceptus has reached the relevant site in the uterus (Potts, 1969) . The implanting blastocyst is positioned according to a number of determinants which are species specific (Kirby, Potts & Wilson, 1967) . In most eutherian mammals the first point of trophoblastic attachment in relation to the embryonic disc is fairly consistent within orders and suborders (Mossman, 1971; Wimsatt, 1975) . There appear to be exceptions amongst the insectivores and bats in which several different orientation patterns have been observed (Mossman, 1971; Wimsatt, 1975 Rasweiler, 1979) . The purpose of the present study was to investigate some of these events in the Natal clinging bat with special emphasis on the changes occurring in the uterus and especially the blastocyst during the period just before and during implantation.
Transvaal Highveld. These collections were made during the months of July and August when implantation in these bats is known to occur.
In the laboratory the females were killed with chloroform and the bicornuate uterus was excised just behind the bladder and fixed in Bouin's fluid. Before the uteri were fixed they were first placed on square pieces of glass (cut from standard microscope slides) to which the tissue adhered, thus preventing curling or folding of the horns when placed carefully in the fixative. All PLATE 1 Fig. 1 (arrowed) to move between the original trophoblast layer (tr.) and overlying uterine epithelium (u. ep.). Uterine glands are still present but are degenerating, as indicated by the presence of luminal cellular debris (double-headed arrow). Fig. 6 . Section of the embryonic hemisphere of an implanting blastocyst (inner cell mass not visible). The trophoblast layer, underlying the uterine epithelium (u. ep.), is bilaminar with both the outer trophoblast layer (o. tr. 1.) and the cytotrophoblast (cyt. tr.) having a cellular arrangement. The endoderm (end.) with its flattened nuclei is so closely adhered to the cytotrophoblast that it is nearly indistinguishable in places. Fig. 7 . Implanted blastocyst showing the syncytiotrophoblast (arrowed) penetrating the endometrium. The invading syncytiotrophoblast does not appear to be cellular although the cellular structure of the cytotrophoblast (cyt. tr.) is maintained. In this specimen the chorda-mesodermal layer (ch. mes. 1.) has been established between the embryonic disc (em. disc) and the endoderm (end.). Amniogenesis has also been initiated as can be seen by the up-growing folds from the perimeter of the embryonic disc. These up-growing folds of the definitive amnion bring with them a layer of cytotrophoblast from the perimeter of the embryonic disc which will eventually underlie the syncytiotrophoblast roofing the embryonic disc when they unite mid-dorsally. the uteri were embedded in Paraplast (composed of purified paraffin wax and plastic polymers of regulated molicular mass) and sectioned serially at 5 µ . The sections were stained with haemotoxylin and counter-stained with eosin.
Results
The blastocyst implanted only in the right uterine horn during the bilaminar stage. Implantation was superficial (see PI. 1, Fig. 1; PI. 2, Fig. 3 ) and the blastocyst was expanded within the uterine lumen. Orientation of the point of initial trophoblastic attachment, like the orientation of the embryonic disc, was antimesometrial.
During the preimplantation period the blastocyst became completely enclosed by uterine mucosa (PI. 1, Fig. 1 ). This enclosure of the blastocyst was the result of a gradual thickening of the endometrium during the preimplantation period which resulted in the circumference of the uterine lumen gradually being reduced. Due to this action the uterine epithelium became fringed or scalloped, the uterine lumen became obliterated and the blastocyst surrounded by uterine epithelium (PI. Fig. 4 ). On the embryonic hemisphere, however, shortly before penetration, the trophoblast cells began to proliferate, forming two parallel layers (PI. 3, Fig. 6 ). This proliferation began at the inner cell mass area (PI. 3, Fig. 5 Fig. 6 ) was maintained but the outer trophoblast layer became syncytial when the overlying epithelium had been destroyed and the endometrium penetrated (PI. 3, Fig. 7 ). Later, with the formation of the true or definitive amnion, upgrowing folds from the perimeter of the embryonic disc brought with it a layer of cytotrophoblast to underlie the syncytiotrophoblast roofing the embryonic disc (PI. 3, Fig. 7) .
Just before and during the stage when the trophoblast layer of the embryonic hemisphere had divided into two layers, the inner cell mass, with its centrally situated primitive amniotic cavity, started to flatten, and the primitive amnion (which did not participate in the formation of the true or definitive amnion) became attenuated (PI. 2, Fig. 3 ) and eventually broke away to expose the embryonic disc after the overlying syncytiotrophoblast had been established and penetration of the endometrium was well underway (PI. 2, Fig. 4 ). Shortly after establishment of the embryonic disc the primitive streak was formed through which the mesoderm cells migrated to give rise to the chorda-mesodermal layer resulting in the conceptus becoming trilaminate (PI. 3, Fig. 7) .
The blastocyst expanded rapidly, mainly due to the enlargement of its cavity, just before and during trophoblastic invasion of the endometrium. This action resulted in progressively more of the right uterine horn, and eventually the left also, being occupied and stretched around the expanding blastocyst and developing embryo.
Discussion
Reproductive asymmetry, i.e. unilateral dominance of the ovary, the uterus or both, is common in chiropterans (Wimsatt, 1975) . In miniopterine bats a contralateral dominance pattern exists in which ovulation nearly always occurs from the left ovary with pregnancy invariably in the right horn (Wimsatt, 1979) . In the Natal clinging bat 95% of the ova are shed from the left ovary and all implantations occur only in the right uterine horn. Because of this strong asymmetry the right uterine horn of the bicornuate uterus is twice the length of the left one.
In most mammals, the zygote retains the zona pellucida while it is in the oviduct and for various lengths of time in the uterus (Blandau, 1949 ; review by Rasweiler, 1972 Rasweiler, , 1979 . In some mammals, however, e.g. the phyllostomatid bats Glossophaga soricina and Carolila sp. (Rasweiler, 1972 (Rasweiler, , 1974 De Bonilla & Rasweiler, 1974) and probably also in the vampire bat Desmodus rotundus (Quintero & Rasweiler, 1974) , the zona pellucida is shed in the oviduct. In the Natal clinging bat breakdown of the zona pellucida occurs during the early stages of the unimplanted intrauterine life of the blastocyst, leaving it without a zona pellucida for the greater part of the unimplanted period, as also reported by Wallace (1978) The orientation of the point of first trophoblastic attachment and the orientation of the embryonic disc were antimesometrial in these bats. The mechanism of orientation of the blastocyst is uncertain but presumably involves rotation of the blastocyst as a whole. However, some blastocysts in the present series had apparently failed to become properly orientated before enclosure by uterine epithelium (PI. 1, Fig. 2 ). In such cases, migration of the inner cell mass, as suggested for mice (Kirby et al, 1967; Kirby, 1971) , could take place.
In Natal clinging bats all the basic implantation characteristics are similar to those summarized by Wimsatt (1975) and Rasweiler (1979) for other vespertilionids so far investigated. Wallace (1978) reported that implantation "occurs uniformly on all sides of the uterus" in the New South Wales bent-wing bat but this interpretation is questionable since it is based on only one post-implanted embryo.
As in the miniopterine bats found in France and Australia (Da Costa, 1920; Richardson, 1977; Wallace, 1978) the uterine epithelium in Natal clinging bats appears to be much more persistent than in any of the other vespertilionids so far investigated. In the Natal bats destruction of this layer is caused by the trophoblast cells when they are actively starting to penetrate the endometrium on the antimesometrial side. The destructive role of the syncytiotrophoblast cells is clearly illustrated by the longer persistence of the epithelium layer on the mesometrial side where no syncytiotrophoblast occurs over the abembryonic hemisphere of the blastocyst. Cellular debris found within the primitive amniotic cavity consists of parts of the primitive amnion (Da Costa, 1920) and were commonly observed during the present study. The origin of this debris is not known. Van der Merwe (1980) suggested that it was the remains of the degenerating primitive amnion but in the present study there were no signs of degeneration of the primitive amnion. The primitive amnion merely became attenuated and so the debris found in the primitive amnion cavity may have resulted from the cavitation process.
